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Multi-pyridine decorated Fe(II) and Ru(II) complexes by
Pd(0)-catalysed cross couplings: new building blocks
for metallosupramolecular assemblies†
Jiajia Yang,a Jack K. Clegg,b Qibai Jiang,a Xiaoming Lui,c Hong Yan,a Wei Zhongc
and Jonathon E. Beves*a,d
Eight metal complexes of the type [M(tpy)2]
2+ (tpy = 2,2’:6’,2’’-terpyridine) featuring four pendant pyri-
dine rings are reported and characterised by NMR, MS, absorption spectroscopy and electrochemical
methods. Palladium-mediated Suzuki and Sonogashira cross-coupling reactions were performed on both
free 4’-(3,5-dibromophenyl)-tpy and its Ru(II) complex in good yields. The ready N-alkylation of the
pendant pyridyl units has significant influence on the absorption and electrochemical reduction of the
complexes, processes which are localised on the periphery and leaves the [Ru(tpy)2]
2+ core essentially
unaffected. The binding of metal ions by the free pyridines is also demonstrated as means of assembling
larger ordered non-covalent structures.
Introduction
The development of ligands with groups capable of selective
and predictable binding of multiple metal ions has offered a
wealth of opportunities for the self-assembly of coordination
cages,1 helicates,2 metallopolymers,3 networks4 and other
supramolecular architectures5 with increasingly impressive
applications.6 Incorporating the rich chemistry of metal
complexes into larger structures remains a key goal for
materials and supramolecular chemists. The ‘expanded
ligand’7 approach employs complexes decorated with pendant
binding sites to achieve this objective.8
One the most studied classes of complexes are the Ru(II)
polypyridyl complexes due to their electronic,9 catalytic, photo-
physical properties,10 bio-applications,11 applications in func-
tional polymers,4b,12 coordination networks,13 and molecular
machines.14 For many of these applications the orientation or
separation of appended functionalities in well-defined relative
conformations is a requirement for controlling their inter-
actions and the resulting molecular or material properties.
Towards this goal, we sought to introduce pendant binding
groups onto 4′(-phenyl)tpy (tpy = 2,2′:6′:2″-terpyridine) ligands
via rigid linkers which nonetheless remain electronically iso-
lated from the metal centre and may allow use as building
blocks for larger assemblies. A suitable means of constructing
these structures is via palladium(0)-catalysed Suzuki15 or
Fig. 1 Structure of ligands in this study, showing the numbering scheme
adopted.
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Sonogashira couplings.16 Suzuki coupling between mono-halo-
terpyridine derivatives17 and boronic acids or esters, as well as
upon their metal complexes is well established,18 and Sonoga-
shira couplings on polypyridine derivatives have been also
reported.19,20 Herein we report eight new Fe(II) or Ru(II) com-
plexes of 2,2′:6′:2″-terpyridine metal complexes of the type
[M(tpy)2]
2+ which feature multiple pendant pyridyl groups
(ligands 1–4, Fig. 1), prepared using Suzuki and Sonogashira
couplings. The reactivity of these pendant pyridyl groups
towards alkylating agents is investigated and a detailed
electrochemical and photophysical study of the influ-
ence of these interactions on the redox and electronic pro-
perties of the complexes is presented. Finally, the ability of
these pendant groups to bind additional metal centres is
explored.
Experimental
General methods
1H and 13C NMR spectra were recorded on a Bruker Avance
DRX 500 spectrometer; the numbering scheme adopted for the
ligands is shown in Fig. 1. For the NMR spectra of complexes
containing ligands 1 or 2, Et3N was added to the solution to
confirm that the coordinated ligands were fully deprotonated.
Electrospray ionisation (ESI) mass spectra were recorded using
a Finnigan MAT LCQ mass spectrometer. Electronic absorp-
tion spectra were recorded on an Agilent 8453 UV-Visible Spec-
trophotometer. Electrochemical measurements were
performed with an Eco Chemie Autolab PGSTAT 20 system
using glassy carbon working and platinum auxiliary electrodes
with a silver wire as a pseudoreference electrode; purified
MeCN was used as the solvent and 0.1 M [nBu4N][PF6] as the
supporting electrolyte; ferrocene was added at the end of each
experiment as an internal reference. Compounds 4′-(3,5-di-
bromophenyl)-2,2′:6′,2″-terpyridine (5),21 4-ethynylpyridine,22
4-pyridineboronic acid pinacol ester23 and Ru(DMSO)4Cl2
24
were prepared by literature methods. Additional details are
found in the ESI.†
Ligand 1
4′-(3,5-Dibromophenyl)-2,2′:6′,2″-terpyridine (200 mg,
0.43 mmol), 4-pyridineboronic acid pinacol ester (0.26 g,
1.3 mmol, 3 equiv.) and CsCO3 (0.83 g, 4.3 mol 10 equiv.) were
dissolved in degassed DMF (10 mL). The solution was bubbled
with argon for 10 min. Pd(PPh3)4 (100 mg, 0.09 mmol, 20%)
was added quickly and the solution was bubbled with argon
for another 10 min. The solution was stirred at 80 °C for 12 h.
The solvent was removed to give a pale yellow sludge
which was dissolved in 10% MeOH in DCM (30 mL) and
absorbed on SiO2. Column chromatography (SiO2, DCM–
MeOH–NEt3 100 : 2 : 0.001) gave the title compound as a white
solid (170 mg, 0.55 mmol, 85%). 1H NMR (500 MHz, CDCl3)
δ 8.81 (s, 2H, HB3), 8.79–8.73 (m, 6H, HA6+D2), 8.72 (d, J =
8.0 Hz, 2H, HA3), 8.17 (s, 2H, HC4), 7.95–7.88 (m, 3H, HA4+C2),
7.67 (d, J = 4.5 Hz, 4H, HD3), 7.42–7.36 (m, 2H, HA5). 13C{1H}
NMR (125 MHz, CDCl3) δ 156.4 (C
B2), 156.1 (CA2), 150.6 (CD2),
149.5 (CC5), 149.3 (CA6), 147.7 (CC1), 141.0 (CB4), 140.3 (CD4),
137.2 (CA4), 126.8 (CC4), 126.4 (CC2), 124.3 (CA5), 122.1 (CD3),
121.6 (CA3), 119.1 (CB3). LR-ESI-MS m/z found 464.42 (LH+),
requires 464.19 m/z. HR-ESI-MS found 464.1873 (LH+) requires:
464.1870. M.p. 260–262 °C.
Ligand 2
4′-(3,5-Dibromophenyl)-2,2′:6′,2″-terpyridine (100 mg,
0.21 mmol) and 4-ethynylpyridine (62 mg, 0.6 mmol, 3 equiv.)
was dissolved in degassed (three freeze–pump–thaw cycles)
THF (15 mL) and freshly distilled diethylamine (5 mL), the
solution was bubbled with argon for 10 min. Pd(PPh3)4
(50 mg, 0.04 mmol, 20%) were added quickly and bubbled
with argon for another 10 min. The solution was stirred at
reflux for 24 h. The solvent was removed to give a yellow sludge
which was dissolved in ethyl acetate (30 mL) and absorbed on
SiO2. Column chromatography (SiO2, petroleum ether–ethyl
acetate–NEt3 5 : 2 : 0.001) gave the title compound as a white
solid (90 mg, 0.18 mmol, 84%). 1H NMR (500 MHz, CDCl3) δ
8.76 (m, 4H, HA6+B3), 8.71 (d, J = 7.9 Hz, 2H, HA3), 8.65 (dd, J =
4.5, 1.5 Hz, 4H, HD2), 8.11 (d, J = 1.4 Hz, 2H, HC4), 7.91 (td, J =
7.8, 1.7 Hz, 2H, HA4), 7.83 (t, J = 1.3 Hz, 1H, HC2), 7.44 (dd, J =
4.5, 1.5 Hz, 4H, HD3), 7.39 (ddd, J = 7.4, 4.6, 1.0 Hz, 2H, HA5).
13C{1H} NMR (101 MHz, CDCl3) δ 156.4 (C
B2), 156.0 (CA2),
150.1 (CD2), 149.3 (CA6), 148.4 (CC5), 139.8 (CB4), 137.2 (CA4),
135.3 (CC2), 131.3 (CC4), 131.0 (CD4), 125.7 (CD3), 124.3 (CA5),
123.7 (CC1), 121.6 (CA3), 118.8 (CB3), 92.4 (CC-alkyne), 88.1
(CD-alkyne). LR-ESI-MS m/z found 511.5 (LH+) requires 512.2
m/z. HR-ESI-MS found 512.1882, requires 512.1870. M.p.
304–306 °C.
[Fe(1)2](PF6)2
Ligand 1 (22 mg, 0.043 mmol) and FeCl2·4H2O (4 mg,
0.02 mmol) were dissolved in EtOH (20 mL) and the reaction
mixture was stirred at room temperature for 1 h. Excess etha-
nolic NH4PF6 was added and the resulting purple precipitate
was collected on Celite and washed well with water
(3 × 10 mL), EtOH (2 × 2 mL) and Et2O (20 mL). The residue was
dissolved in MeCN and the solvent removed to give [Fe(1)2]-
[PF6]2 as a purple powder (25 mg, 0.019 mmol, 90%).
1H NMR
(500 MHz, CD3CN) δ 9.38 (s, 2H, H
B3), 8.82 (d, J = 5.6 Hz, 4H,
HD2), 8.72 (m, 4H, HC4+A3), 8.39 (s, 1H, HC2), 8.01 (d, J =
5.7 Hz, 4H, HD3), 7.95 (t, J = 7.6 Hz, HA4), 7.23 (d, J =
5.5 Hz, 2H, HA6), 7.13 (t, J = 6.5 Hz, HA5). 13C{1H} NMR
(125 MHz, CD3CN) δ 161.4 (C
B2), 158.9 (CA2), 154.0 (CA6), 151.5
(CD2), 150.3 (CC5), 147.8 (CC1), 141.4 (CD4), 139.8 (CA4), 139.6
(CB4), 128.8 (CC2), 128.4 (CA5), 128.1 (CC4), 125.0 (CA3), 123.0
(CB3+D3). LR-ESI-MS m/z 491.58 [M − 2PF6]2+ requires 491.15,
1127.67 [M − PF6]+ requires 1127.26; HR-MS m/z 491.1492
[M − 2PF6]2+ requires 491.1495.
[Fe(2)2](PF6)2
The preparation for [Fe(2)2](PF6)2 was the same as for [Fe(1)2]-
(PF6)2, starting with ligand 2 (20 mg, 0.043 mmol) and
Paper Dalton Transactions
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FeCl2·4H2O (4 mg, 0.02 mmol) to give [Fe(2)2][PF6]2 as a purple
powder (24 mg, 0.019 mmol, 90%). 1H NMR (500 MHz,
CD3CN) δ 9.26 (s, 2H, H
B3), 8.69 (d, J = 4.5 Hz, 4H, HD2), 8.66
(d, J = 8.0 Hz, 2H, HA3), 8.59 (s, 2H, HC4), 8.12 (s, 1H, HC2),
7.95 (t, J = 7.7 Hz, 2H, HA4), 7.58 (d, J = 4.5 Hz, 4H, HD3), 7.21
(d, J = 5.5 Hz, 2H, HA6), 7.12 (t, J = 6.5 Hz, 2H, HA5). 13C{1H}
NMR (125 MHz, CD3CN) δ 161.5 (C
B2), 158.8 (CA2), 154.0 (CA6),
151.1 (CD2), 149.1 (CC5), 139.8 (CA4), 139.0 (CB4), 137.0 (CC2),
132.7 (CC4), 131.2 (CD4), 128.4 (CA5), 126.4 (CD3), 125.1 (CC1),
124.9 (CA3), 122.6 (CB3), 92.3 (CC-alkyne), 89.2 (CD-alkyne).
LR-ESI-MS m/z found 539.67 [M − 2PF6]2+, requires 539.15 m/z,
[M − PF6]+ 1223.68 requires 1223.26; HR-ESI-MS found
539.1488 [M − 2PF6]2+ requires 539.1495.
[Ru(5)2](PF6)2
4′-(3,5-Dibromophenyl)-2,2′:6′,2″-terpyridine (5) (0.40 g,
085 mmol) and Ru(DMSO)4Cl2 (0.19 g, 0.39 mmol) were sus-
pended in ethane-1,2-diol (30 mL) and heated in a microwave
(800 W, 140 degrees, 10 min). The deep red solution was
cooled to room temperature and poured into excess aqueous
NH4PF6 (100 mL). The resulting red precipitate was collected
on Celite and washed well with water (3 × 100 mL), EtOH
(2 × 10 mL), CHCl3 (3 × 50 mL) and Et2O (20 mL). The remain-
ing residue was dissolved in MeCN and the solvent removed to
give [Ru(5)2][PF6]2 as a deep red powder (0.51 g, 0.38 mmol,
97%). This was purified by column chromatography (SiO2,
MeCN–H2O–saturated aqueous KNO3 14 : 1 : 1). The centre of
the main red band was collected, excess aqueous NH4PF6 was
added and the volume reduced to precipitate the hexafluoro-
phosphate salt, which was collected and recrystallised from
MeCN–H2O to give a pure microcrystalline red solid (0.46 g,
0.35 mmol, 90%). 1H NMR (400 MHz, CD3CN) δ 9.00 (s, 2H,
HB3), 8.66 (d, J = 8.1 Hz, 2H, HA3), 8.41 (d, J = 1.7 Hz, 2H, HC4),
8.06 (s, 1H, HC2), 7.96 (td, J = 7.9, 1.4 Hz, 2H, HA4), 7.41 (d, J =
5.6 Hz, 2H, HA6), 7.19 (ddd, J = 7.2, 5.6, 1.0 Hz, 2H, HA5). 13C
{1H} NMR (101 MHz, CD3CN) δ 158.8 (C
A2), 156.5 (CB2), 153.4
(CA6), 146.0 (CC5), 141.4 (CB4), 139.1 (CA4), 136.1 (CC2), 130.7
(CC4), 128.5 (CA5), 125.6 (CA3), 124.7 (CC1), 122.7 (CB3).
LR-ESI-MS m/z 518.17 [M − 2PF6]2+ requires 517.90; 1180.67
[M − PF6]+ requires 1180.77; HR-MS m/z 517.9042 [M(L)2]2+
requires 517.9014, 1180.7652 [M(L)2(PF6)]
+ requires 1180.7670.
[Ru(1)2](PF6)2
[Ru(5)2](PF6)2 (0.32 g, 0.24 mmol), 4-pyridineboronic acid
pinacol ester (0.30 g, 1.45 mmol, 6 equiv.), CsCO3 (0.93 g,
4.8 mmol) and NH4PF6 (0.32 g, 1.9 mol) was dissolved in
degassed DMF (20 mL). The solution was bubbled with argon
for 10 min. Pd(PPh3)4 (60 mg, 0.05 mmol, 20%) was added
quickly and bubbled with argon for another 10 min. The solu-
tion was stirred at 80 °C overnight. The solvent was removed
and the residue dissolved in 5 mL MeCN, poured into excess
aqueous NH4PF6 (100 mL). The resulting red precipitate was
collected on Celite and washed well with water (3 × 100 mL),
EtOH (2 × 10 mL) and Et2O (20 mL). The remaining residue
was dissolved in MeCN. The solvent was removed to give a red
powder which was absorbed on SiO2 and purified by column
chromatography (SiO2, MeCN–H2O–saturated aqueous KNO3
7 : 1 : 1) gave the title compound [Ru(1)2](PF6)2 as a red solid
(268 mg, 0.19 mmol, 85%). 1H NMR (400 MHz, CD3CN) δ 9.20
(s, 2H, HB3), 8.81 (d, J = 4.6, 1.6 Hz, 4H, HD2), 8.74 (d, J = 8.2
Hz, 2H, HA3), 8.61 (d, J = 1.5 Hz, HC4), 8.35 (t, J = 1.5 Hz, HC2),
8.03–7.94 (m, 6H, HD3+A4), 7.47 (d, J = 4.9 Hz, 2H, HA6), 7.22
(t, J = 6.6 Hz, 2H, HA5). 13C{1H} NMR (101 MHz, CD3CN) δ
159.1 (CA2), 156.5 (CB2), 153.4 (CA6), 151.4 (CD2), 148.2 (CC5),
147.8 (CC1), 141.3 (CD4), 139.7 (CB4), 139.1 (CA4), 128.5 (CC2+A5),
128.0 (CC4), 125.6 (CA3), 123.0 (CB3+D3). LR-ESI-MS m/z 514.40
[M − 2PF6]2+ requires 514.13, 1173.44 [M − PF6]+ requires
1173.23; HR-MS m/z 514.1331 [M − 2PF6]2+ requires 514.1335;
1173.2303 [M − PF6]+ requires 1173.2311.
[Ru(2)2](PF6)2
[Ru(5)2](PF6)2 (100 mg, 0.08 mmol), 4-ethynylpyridine (0.62 g,
0.60 mmol, 8 equiv.), CuI (0.8 mg, 0.045 mmol, 60%) and
NH4PF6 (20 mg, 0.12 mol) was dissolved in degassed DMF
(5 mL) and DME (10 mL). The solution was bubbled with
argon for 10 min. Pd(PPh3)4 (35 mg, 0.03 mmol, 40%) was
added quickly and bubbled with argon for another 10 min.
The solution was stirred at 80 °C overnight. The solution was
bubbled with argon for 10 min. Pd(PPh3)4 (35 mg, 0.03 mmol,
40%) was added quickly and bubbled with argon for another
10 min. The solution was stirred at 70 °C overnight. The
solvent was removed and the residue dissolved in 5 mL MeCN,
poured into excess aqueous NH4PF6 (100 mL). The resulting
red precipitate was collected on Celite and washed well with
water (3 × 100 mL), EtOH (2 × 10 mL) and Et2O (20 mL). The
remaining residue was dissolved in MeCN. The solvent was
removed to give a red powder which was absorbed on SiO2 and
purified by column chromatography (SiO2, MeCN–H2O–satu-
rated aqueous KNO3 10 : 1 : 1) gave the title compound [Ru(2)2]-
(PF6)2 as a red solid (82 mg, 0.058 mmol, 77%)
1H NMR
(400 MHz, CD3CN) δ 9.09 (s, 2H, H
B3), 8.75–8.65 (m, 6H,
HD2+A3), 8.49 (d, J = 1.1 Hz, 2H, HC4), 8.07 (s, 1H, HC2), 7.98 (t,
J = 7.4 Hz, 2H, HA4), 7.56 (dd, J = 4.6, 1.4 Hz, 4H, HD3), 7.45 (d,
J = 5.3 Hz, 2H, HA6), 7.22 (t, 2H, HA5). 13C{1H} NMR (101 MHz,
CD3CN) δ 158.9 (C
A2), 156.6 (CB2), 153.4 (CA6), 151.1 (CD2),
147.0 (CC5), 139.2 (CA4), 139.1 (CB4) 136.8 (CC2), 132.6 (CC4),
131.2 (CD4), 128.6 (CA5), 126.4 (CD3), 125.6 (CA3), 125.0 (CC1),
122.7 (CB3), 92.3 (CC-alkyne), 89.1 (CD-alkyne). LR-ESI-MS m/z
562.34 [M − 2PF6]2+ requires 562.13, 1269.34 [M − PF6]+
requires 1269.23; HR-MS m/z 562.1340 [M − 2PF6]2+ requires
562.1335, 1269.23096 [M − PF6]+ requires 1269.2306.
Ru(3a)2](PF6)6
[Ru(1)2](PF6)2 (20 mg, 0.015 mmol), NH4PF6 (60 mg, 0.2 mmol)
and methyl iodide (1 mL, 7 mmol) dissolved in 30 mL MeCN.
The solution was refluxed overnight to give a red suspension.
Water was added and the volume reduced under reduced
pressure. The resulting suspension was collected on Celite,
washed well with water, EtOH, DCM and Et2O. The residue
was dissolved in MeCN and the solvent removed to give the
title compound [Ru(3a)2](PF6)6 as a red solid (30 mg,
0.015 mmol, 99%). 1H NMR (500 MHz, CD3CN) δ 9.24 (s, 2H,
Dalton Transactions Paper
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HB3), 8.91 (s, 2H, HC4), 8.86 (d, J = 6.5 Hz, 4H, HD2), 8.78 (d, J =
8.1 Hz, 2H, HA3), 8.66 (d, J = 6.5 Hz, 4H, HD3), 8.63 (s, 1H,
HC2), 8.01 (t, J = 7.8 Hz, 2H, HA4), 7.52 (d, J = 5.5 Hz, 2H, HA6),
7.25 (t, J = 6.4 Hz, 2H, HA5), 4.42 (s, 6H, HMe). 13C{1H} NMR
(126 MHz, CD3CN) δ 158.9 (C
A2), 156.6 (CB2), 155.3 (CC1), 153.4
(CA6), 146.8 (CC5), 146.6 (CD2), 140.8 (CB4), 139.2 (CA4), 137.7
(CD4), 131.3 (CC4), 130.1 (CC2), 128.6 (CA5), 126.7 (CD3), 125.6
(CA3), 123.1 (CB3), 48.8 (Me). LR-ESI-MS found m/z 181.75 [M −
6PF6]
6+, requires 181.39; 247.00 [M − 5PF6]5+ requires 246.66;
344.75 [M − 4PF6]4+ requires 344.57; 507.58 [M − 3PF6]3+
requires 507.75; 834.08 [M − 2PF6]2+ requires 834.11.
HR-ESI-MS m/z found 181.3939 [M − 6PF6]6+ requires
181.3935; 246.6135 [M − 5PF6]5+ requires 246.6650; 344.5726
[M − 4PF6]4+ requires 344.5723; 507.7520 [M − 3PF6]3+ requires
507.7511; 834.1093 [M − 2PF6]2+ requires 834.1088.
[Ru(3b)2](PF6)6
[Ru(1)2](PF6)2 (20 mg, 0.015 mmol), NH4PF6 (60 mg, 0.2 mmol)
and 1-iodododecane (3 mL, 10 mmol) were dissolved in MeCN
(30 mL) and heated at reflux for 2 days. The solvent was
removed under reduced pressure and the crude red powder
was purified by column chromatography (SiO2, MeCN–H2O–
saturated aqueous KNO3 14 : 1 : 1). The centre of the main red
band was collected, excess aqueous NH4PF6 was added and
the volume reduced to precipitate the hexafluorophosphate
salt which was collected on Celite and washed with water and
EtOH (slightly soluble). The complex was dissolved in DCM
and hexane was added to precipitate the complex, which was
collected on Celite and washed well with hexane. The residue
was dissolved in MeCN and the solvent removed to give the
title compound [Ru(3b)2](PF6)6 as a red solid (20 mg,
0.008 mmol, 53%). 1H NMR (500 MHz, CD3CN) δ 9.22 (s, 2H,
HB3), 9.01–8.84 (m, 6H, HC4+D2), 8.76 (d, J = 8.1 Hz, 2H, HA3),
8.66 (d, J = 6.5 Hz, 4H, HD3), 8.61 (s, 1H, HC2), 8.01 (t, J = 7.8
Hz, 2H, HA4), 7.50 (d, J = 5.5 Hz, 2H, HA6), 7.25 (t, J = 6.5 Hz,
2H, HA5), 4.63 (t, J = 7.5 Hz, 4H, Ha), 2.15–2.00 (m, 4H, Hb),
1.49–1.36 (m, 4H, Halk, 1.37–1.22 (m, 14H, Halk), 0.88 (t, J = 6.7
Hz, 6H, Hl) (Halk = Hd–i). 13C{1H} NMR (126 MHz, CD3CN) δ
158.9 (CA2), 156.6 (CB2), 155.6 (CC1), 153.4 (CA6), 146.8 (CC5),
145.7 (CD2), 140.8 (CB4), 139.2 (CA4), 137.8 (CD4), 131.4 (CC4),
130.1 (CC2), 128.6 (CA5), 127.0 (CD3), 125.7 (CA3), 123.0 (CB3),
62.4 (Ca), 32.5 (Cj), 31.8 (Cb), 30.2 (Calk × 2), 30.1 (Calk), 30.0
(Calk × 2), 29.6 (Calk), 26.6 (Cc), 23.3 (Ck), 14.3 (Cl). (Calk = Cd–i).
LR-ESI-MS found m/z 284.75 [M − 6PF6]6+, requires 284.17, m/z
370.33 [M − 5PF6]5+ requires 370.00, m/z 499.17 [M − 4PF6]4+
requires 498.74, m/z 713.50 [M − 3PF6]3+ requires 713.31, m/z
1142.58 [M − 2PF6]2+ requires 1142.45; HR-ESI-MS found,
370.0033 [M − 5PF6]5+ requires 370.0027, 498.7446 [M −
4PF6]
4+ requires 498.7445; 713.3148 [M − 3PF6]3+ requires
713.3140; 1142.4516 [M − 2PF6]2+ requires 1142.4531.
[Ru(4a)2](PF6)6
The preparation for [Ru(4a)2](PF6)6 was the same as for
[Ru(3a)2](PF6)6, starting from [Ru(2)2](PF6)2 (20 mg,
0.014 mmol) to give [Ru(4a)2][PF6]6 as a red solid (30 mg,
0.014 mmol, 99%). 1H NMR (500 MHz, CD3CN) δ 9.11 (s, 2H,
HB3), 8.72 (t, J = 8.2 Hz, 2H, HA3), 8.71–8.65 (m, 6H, HD2+C4),
8.24 (s, 1H, HC2), 8.15 (d, J = 6.3 Hz, 4H, HD3), 7.99 (t, J =
7.8 Hz, 2H, HA4), 7.47 (d, J = 5.4 Hz, 2H, HA6), 7.23 (t, J = 6.4
Hz, 2H, HA5), 4.33 (s, 6H, HMe). 13C{1H} NMR (101 MHz,
CD3CN) δ 158.8 (C
A2), 156.6 (CB2), 153.4 (CA6), 146.4 (CD2),
146.3 (CC5), 140.2 (CD4), 139.6 (CB4), 139.2 (CA4), 137.8 (CC2),
134.6 (CC4), 130.5 (CD3), 128.6 (CA5), 125.6 (CA3), 123.7 (CC1),
122.7 (CB3), 101.0 (CC-alkyne), 87.1 (CD-alkyne), 49.2 (Me).
LR-ESI-MS found m/z 197.67 [M − 6PF6]6+, requires 197.39;
266.25 [M − 5PF6]5+ requires 265.86; 368.83 [M − 4PF6]4+
requires 368.57; 539.92 [M − 3PF6]3+ requires 539.75; 882.75
[M − 2PF6]2+ requires 882.11. HR-ESI-MS found 197.3940
[M − 6PF6]6+ requires 197.3935; 265.8653 [M − 5PF6]5+ requires
265.8650, 368.5725; [M − 4PF6]4+ requires 368.5723; 539.7514
[M − 3PF6]3+ requires 539.7511; 882.1099 [M − 2PF6]2+ requires
882.1088.
[Ru(4b)2](PF6)6
The preparation for [Ru(4b)2](PF6)6 was the same as for
[Ru(3b)2](PF6)6 starting from [Ru(2)2](PF6)2 (20 mg,
0.016 mmol) and 1-bromododecane (3 mL, 10 mmol), to give
[Ru(4b)2](PF6)6 as a red solid (18 mg, 0.007 mmol, 50%).
1H
NMR (400 MHz, CD3CN) δ 9.10 (s, 1H, H
B3), 8.76–8.64 (m, 4H,
HA3+C4+D2), 8.24 (s, 1H, HC2), 8.16 (d, J = 6.8 Hz, 2H, HD3), 7.99
(t, J = 7.9 Hz, 1H, HA4), 7.47 (d, J = 5.0 Hz, 1H, HA6), 7.23 (ddd,
J = 7.4, 5.6, 1.1 Hz, 1H, HA5), 4.53 (t, J = 7.5 Hz, 2H, Ha),
1.45–1.23 (m, 19H, Halk), 0.88 (t, J = 6.8 Hz, 3H, Hl) (Halk = Hb–k).
13C{1H} NMR (101 MHz, CD3CN) δ 158.9 (C
A2), 156.7 (CB2),
153.5 (CA6), 146.4 (CC5), 145.5 (CD2), 140.5 (CD4), 139.7 (CB4),
139.2 (CA4), 137.9 (CC2), 134.7 (CC4), 131.0 (CD3), 128.7 (CA5),
125.7 (CA3), 123.8 (CC1), 122.8 (CB3), 101.2 (CC-alkyne), 87.2
(CD-alkyne), 62.8 (Ca), 32.6 (Calk), 31.8 (Cb), 30.3 (Calk × 2), 30.2
(Calk), 30.0 (Calk × 2), 29.6 (Calk), 26.5 (Cc), 23.4 (Ck), 14.3 (Cl).
LR-ESI-MS found m/z 300.10 [M − 6PF6]6+, requires 300.17;
389.92 [M − 5PF6]5+ requires 389.20; 523.08 [M − 4PF6]4+
requires 522.74; 746.17 [M − 3PF6]3+ requires 745.31; 1191.00
[M − 2PF6]2+ requires 1190.45. HR-ESI-MS found 300.1753
[M − 6PF6]6+ requires 300.1749; 389.2048 [M − 5PF6]5+ requires
389.2027; 522.7470 [M − 4PF6]4+ requires 522.7444; 745.3170
[M − 3PF6]3+ requires 745.3140; 1190.4540 [M − 2PF6]2+
requires 1190.4531.
X-Ray experimental
X-ray data were collected with ω scans to approximately 56° 2θ
using a Bruker-Nonius APEX-II diffractometer employing
graphite-monochromated Mo-Kα radiation generated from a
sealed tube (0.71073 Å) at 293(2) K. Further experimental
details including full data and details of the refinement and
disorder are given in the ESI.†
Data for structure [Ru(1)2]·2PF6·8.25H2O
Formula C62H58.50F12N10O8.25P2Ru, M 1466.70, monoclinic,
space group C2/c(#15), a 32.008(5), b 17.136(3), c 26.226(5) Å,
β 105.545(3), V 13 858(4) Å3, Dc 1.406 g cm
−3, Z 8, 2θmax 52.74,
Nind 13 990(Rmerge 0.1853), Nobs 6183(I > 2σ(I)), Nvar 748,
residuals* R1(F) 0.0969, wR2(F
2) 0.2737, GoF(all) 0.947.
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Data for structure [Fe(1)2]·2PF6·6MeNO2·12.5H2O
Formula C68H81F12FeN16O22.50P2, M 1828.28, monoclinic,
space group C2/c(#15), a 31.977(4), b 16.992(2), c 26.943(3) Å,
β 106.844(2), V 14 011(3) Å3, Dc 1.733 g cm
−3, Z 8, 2θmax 52.74,
Nind 14 269(Rmerge 0.0957), Nobs 6998(I > 2σ(I)), Nvar 788,
residuals R1(F) 0.0969, wR2(F
2) 0.3026, GoF(all) 0.964.
Data for structure 3[Ru(1)2]·5PF6·NO3
Formula C186H126F30N31O3P5Ru3, M 3871.24, triclinic, space
group P1ˉ(#2), a 19.323(5), b 20.548(6), c 26.542(7) Å,
α 81.138(5), β 81.923(5), γ 84.253(5)°, V 10 276(5) Å3, Dc 1.251 g
cm−3, Z 2, 2θmax 49.74, N 34 434, Nobs 14 864(I > 2σ(I)),
Nvar 1616, residuals R(F
2) 0.1271, Rw(F
2) 0.3249, GoF(all) 1.138.
Data for structure [Ru(2)2](PF6)2·4Et2O
Formula C86H82F12N10O4P2Ru, M 1710.63, orthorhombic,
space group Fddd(#70), a 21.841(3), b 25.024(2), c 34.582(3) Å,
V 18 900(4) Å3, Dc 1.202 g cm
−3, Z 8, 2θmax 52.00, N 37 508, Nind
4660(Rmerge 0.0978), Nobs 2980(I > 2σ(I)), Nvar 312, residuals
R(F2) 0.0537, Rw ̲(F
2) 0.1111, GoF(all) 1.053.
Results and discussion
Ligand synthesis
Ligands 1 and 2 were prepared from 4′-(3,5-dibromophenyl)-
2,2′:6′:2″-terpyridine (5)21 using palladium(0)-catalysed coup-
ling reactions, as shown in Scheme 1. The reaction of 5 with
an excess (3 equiv.) of 4-pyridineboronic acid pinacol ester,25
20 mol% Pd(PPh3)4, 10 equiv. CsCO3 in degassed DMF gave
ligand 1 in 85% yield after purification. Copper-free palladium(0)-
catalysed Sonogashira coupling of 5 with 3 equiv. of freshly
deprotected 4-ethynylpyridine,22 20 mol% Pd(PPh3)4 THF–
diethylamine gave ligand 2 in 84% isolated yield. The use of
other common solvents gave reproducibly lower yields, for
example toluene–NEt3: 40%; DMF–DME–NEt3: <5%. The
addition of copper(I) to the reaction mixtures were also found
to significantly lower yields (e.g. the use of 30 mol% CuI gave a
65% yield of 5 under otherwise identical conditions).
The 1H and 13C NMR data for ligands 1 and 2 are typical for
4′-substituted terpyridine complexes, and were unambiguously
assigned using 1D and 2D (COSY, HSQC, HMBC) techniques
(see Experimental section for assignments).
Fe(II) and Ru(II) complex synthesis and characterisation
The very high thermodynamic stability of [Fe(tpy)2]
2+ com-
plexes and their relatively labile nature drives the selective for-
mation the desired [FeL2]
2+ complexes in near quantitative
isolated yields under ambient conditions, as is typical for
[Fe(tpy)2]
2+ complexes. Reaction of two equivalents of ligand 1
with FeCl2·4H2O in ethanol at room temperature for 30 min,
followed by anion exchange with excess aqueous NH4PF6, gave
pure [Fe(1)2](PF6)2 in 90% yield. The analogous complex
[Fe(2)2](PF6)2 was prepared in similar yield. The
1H NMR
spectra (CD3CN) of these complexes, shown in Fig. 2, reveals
the expected 4-fold symmetry of the complex, with the same
pattern of signals as observed for the free ligands.
The signals of the tpy protons are essentially identical in
the two complexes, with the notable exception of the signal of
HB3 which is shifted from 9.38 to 9.26 ppm on introduction of
the alkyne spacer, although the corresponding values for the
free ligands [CDCl3 8.81 (1); 8.76 ppm (2)] are more similar.
The expected differences for the signals of the pendant phenyl
ring protons are observed, for example with signal HC2 being
shifted upfield from 8.39 to 8.15 ppm on introduction of the
alkyne spacer, and the corresponding 13C NMR signal (CC2) is
shifted from 128.8 to 137.0 ppm. However, the 13C NMR signal
for the CC5 carbon, which is the attachment point to the tpy
unit, is virtually unchanged in the two complexes (150.3 and
149.1), and the CB4 (139.6 and 139.0 ppm) is similarly insensi-
tive to the substitution difference, hinting to minimal elec-
tronic interaction with the tpy unit. Electrospray Ionisation
Mass Spectrometry (ESI-MS) was used to confirm the identity
of the complexes, with peaks corresponding to [Fe(L)2]
2+ and
[Fe(L)2](PF6)
+ matching the calculated isotope patterns for
these species; High resolution ESI-MS unambiguously estab-
lished molecular composition (e.g. for [Fe(1)2](PF6)2: 491.1492
[M − 2PF6]2+ requires 491.1495 m/z).
Attempts to prepare the corresponding Ru(II) complexes,
[Ru(1)2](PF6)2 and [Ru(2)2](PF6)2, using standard reaction
Scheme 1 Synthesis of 1 and 2, with atom labelling shown. See Experimental
section for details.
Fig. 2 1H NMR (CD3CN, 500 MHz) of [Fe(1)2](PF6)2 (top) and [Fe(2)2](PF6)2
(bottom). See Fig. 1 for atom labelling.
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conditions (RuCl3·xH2O in using refluxing ethanol;
26 or
Ru(DMSO)4Cl2 in ethylene glycol under microwave irradiation
27)
gave very poor yields of the desired complexes, presumably as
the result of kinetically controlled polymer formation due to
the more inert nature of Ru(II) with respect to Fe(II). To over-
come this problem, the Ru(II) complex of the parent dibromo
ligand, [Ru(5)2](PF6)2
28,29 was prepared using standard micro-
wave conditions27 in 90% yield after purification (Scheme 2).
Palladium(0)-mediated couplings on [Ru(4′-(4-bromophenyl)-
tpy)2](PF6)2 and related boronic acids/esters,
18b has been pre-
viously established, and here we demonstrate direct coupling
on [Ru(5)2](PF6)2 is an effective method to directly introduce
multiple substituents on to Ru(II) polypyridyl complexes in
high yields. The four-fold Suzuki coupling of [Ru(5)2](PF6)2
with excess 4-pyridineboronic acid pinacol ester (DMF, CsCO3,
20 mol% Pd(PPh3)4 for 12 h at 80 °C gave [Ru(1)2](PF6)2 in an
excellent 85% yield after column chromatography. Similarly,
the coupling with 4-ethynylpyridine (DMF–DME, 40 mol%
Pd(PPh3)4, 40 mol% CuI) for 12 h at 80 °C gave [Ru(2)2](PF6)2
in 78% isolated yield.30 The significance of this synthetic
approach is the ease of work-up: the use of a relatively high
catalyst loading (10% per reaction site) and an excess of pyri-
dine-coupling components lead to a negligible impurity of
Ru(II) complexes, which makes isolation of the charged and
coloured complex from organic impurities, such as homo-
coupled alkynes, very straightforward. A comparison of the 1H
NMR spectra of [Ru(1)2](PF6)2 and [Ru(2)2](PF6)2 (Fig. 3)
demonstrates the same trend as the corresponding Fe(II) com-
plexes, with typical peak shifts associated with the shorter
M–N bond length of Ru(II) complexes relative to their Fe(II)
analogues. High resolution ESI-MS confirmed molecular com-
position for both complexes (see ESI† for details).
Scheme 2 Synthesis of Ru(II) complexes of ligands 1 and 2 via Pd(0) coupling reactions on [Ru(5)2](PF6)2.
Fig. 3 1H NMR (CD3CN, 500 MHz) of Ru(II) complexes: (top to bottom) [Ru(1)2](PF6)6; [Ru(3a)2](PF6)6; [Ru(2)2](PF6)6 and [Ru(4a)2](PF6)6. See Fig. 1 for atom
labelling.
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X-Ray crystal structures†
Single crystals of [Fe(1)2](PF6)2·6MeNO2·12.5H2O and [Ru(1)2]-
(PF6)2·8.25H2O were grown by slow evaporation of nitro-
methane–acetonitrile or toluene–acetonitrile solutions of the
complexes respectively. The structures are isomorphous, crys-
tallise in the C2/c space group, contain a single complex in the
asymmetric unit with disordered solvent (modelled as water
molecules) and only one of the two PF6 anions is ordered.
The structure of [Fe(1)2]
2+ is shown in Fig. 4, and shows the
expected octahedral coordination of the metal centre and the
orthogonal orientation of the two tpy groups, with the angle
between the least-squares-planes of the tpy groups being
86.64°.
Intermolecular crystal packing is dominated by extensive
π–π stacking, including the type of tpy–tpy embraces com-
monly observed for {M(tpy)2}
n+ complexes.31 The terminal pyri-
dine rings of the tpy units are weakly associated by favourable
off-set face-to-face stacking and edge-to-face interactions with
similar groups of adjacent complexes (Fig. 5a). Both of the
pendant (3,5-pyridyl)phenyl groups are efficiently packed
together supported by close packing interactions to form
columns of four complexes (related by an inversion centre)
sandwiched between M(tpy)2 units (Fig. 5b). The closest inter-
actions are between phenyl and pendant pyridine groups and
the four-molecule-stack is based on this complementary repeat
unit. Finally, the lattice contains a large volume of void space,
which is filled with disordered solvent and anion molecules.
When diethyl ether was slowly diffused into a DMF solution
of [Ru(1)2](PF6)2 and KNO3 a different crystal form (3[Ru(1)2]·
5PF6·NO3, space group P1ˉ) was obtained, shown in Fig. 6, which
contained three structurally similar but crystallographically inde-
pendent Ru(II) complexes. In each case the pendant pyridine
groups of each end are approximately coplanar, a likely conse-
quence of crystal packing. The self-complementary shape of
the complex allows effective packing to form 2D sheets very
different to the previous structure. Although extensive π–π
stacking is apparent, the interactions are relatively weak, with
Fig. 5 Crystal packing for [Fe(1)2]
2+ in [Fe(1)2](PF6)2·6MeNO2·12.5H2O. All
molecules crystallographically equivalent. Hydrogen atoms, solvent and anions
are omitted for clarity. (a) Showing the overall packing of the complexes with
pytpy to pytpy centroid to least-squares-plane of ring of 3.651 Å (i = 1.5 − x, −1/2
+ y, 1.5 − z). Distances from the centroid of the phenyl rings to least-squares
plane of pypendant of adjacent i complex are 3.621 Å (i = 1 − x, 1 − y, 1 − z) and
3.458 Å (i = −1/2 + x, 1.5 − y, −1/2 + z. (b) Stacks of four complexes are sand-
wiched between {M(tpy)2} units to highlight packing arrangement. For the end
complexes, only the tpy units are shown, for the middle complexes only the
4’-pendant groups are shown.
Fig. 4 X-ray crystal structure of [Fe(1)2]
2+ in [Fe(1)2](PF6)2·6MeNO2·12.5H2O.
Hydrogen atoms, anions and solvent omitted for clarity, thermal ellipsoids are
drawn to 30% probability.
Fig. 6 Crystal packing for [Ru(1)2]
2+ in 3[Ru(1)2]·5PF6·NO3. Molecules are
coloured by symmetry equivalence; unit cell shown in grey. Example tpy–tpy
embrace: the distance from the centroid of the tpy pyridine ring containing N3
to the plane formed the ring containing N17 is 3.396 Å. Void space is occupied
by badly disordered solvent and anions which are omitted for clarity. Two
pendant pyridine rings are disordered over two positions each (only one posi-
tion shown of each).
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most contacts being the result of weak van der Waals inter-
actions rather than any specific or directional interactions.
Single crystals of [Ru(2)2](PF6)2·4Et2O were grown by vapour
diffusion of diethylether into a nitrobenzene–nitromethane
solution of the complex. The structure, shown in Fig. 7, crystal-
lises in the orthorhombic space group Fddd with the Ru atom
located on a fourfold special position resulting in 1/4 of a
complex in the asymmetric unit. The complexes are packed to
form 2D sheets (Fig. 8) via close stacking between the pendant
arms of adjacent complexes and voids are occupied by solvent
and anions, with short non-classical CH⋯F hydrogen bonds
formed between tpy CH groups and PF6
− anions (see Fig. 8
caption for details).
N-Alkylation of Ru(II) complexes
The reactivity of the pendant pyridyl towards alkylating agents
was examined as a ready method for introducing additional
functional or binding groups (Scheme 3), an approach which
has been previously used for building pyridyl-functionalised
complexes into larger assemblies.32 The reaction of [Ru(1)2]-
(PF6)2 with excess methyl iodide in refluxing acetonitrile with
added NH4PF6 (to prevent precipitation of the complex as the
iodide salt)33 for 12 h gave the tetra-alkylated product
[Ru(3a)2](PF6)6 in quantitative yield following a straightforward
workup. The reaction of [Ru(1)2](PF6)2 with iodododecane pro-
ceeds similarly to give [Ru(3b)2](PF6)6 in 53% yield.
The reaction of the analogous complex with an alkyne
spacer, [Ru(2)2](PF6)2 with methyl iodide gave [Ru(4a)2](PF6)6
in quantitative yield. The reaction of [Ru(2)2](PF6)2 with bromo-
dodecane similarly gave [Ru(4b)2](PF6)6 in 50% yield. In each
case ESI-MS confirmed the identity of the complexes, with
peaks corresponding to sequential loss of PF6 counter ions
which matched the calculated isotope patterns for these 6+,
5+, 4+, 3+, 2+ species (see ESI† for details).
A comparison of the 1H NMR spectra (CD3CN) of [Ru-
(3a)2]
6+ and [Ru(4a)2]
6+ with their non-alkylated parent com-
plexes (Fig. 3) shows the pendant pyridyl signals are shifted in
accord with the alkylation of the nitrogen group with the HD3
signals shifted downfield by 0.68 and 0.56 ppm for [Ru(3a)2]-
(PF6)6 and [Ru(4a)2](PF6)6 respectively. The appearance of a
new signal at 4.42 ppm for [Ru(3a)2](PF6)6 and 4.33 ppm for
[Ru(4a)2](PF6)6, corresponds to the N-methyl group. Impor-
tantly, signals of the tpy unit were essentially unchanged by
the alkylation despite the introduction of an additional 4+
charge to the complex. Complexes [Ru(3b)2]
6+ and [Ru(4b)2]
6+
exhibit excellent solubility in organic solvents such as THF
Fig. 7 Structure of [Ru(2)2]
2+ in [Ru(2)2](PF6)2·4Et2O with hydrogen atoms, and
anions omitted for clarity. (a) ORTEP representation (ellipsoids drawn at 30%
probability) from the side and (b) ball-and-stick view from the end of the mole-
cule. The angle between the least-squares-planes formed by the pendant nitro-
gens and the phenyl rings of each end of the complex is 30.0°; the alkyne CuC
bond length is 1.158(4) Å and Ru–N bonds are 1.998(3) and 2.085(2) Å; the
angle between the least-squares planes of the tpy groups is 86.05°.
Fig. 8 Packing for [Ru(2)2]
2+ in [Ru(2)2](PF6)2·4Et2O, with anions and solvent
omitted for clarity. All molecules crystallographically equivalent. End-to-face aro-
matic contacts from the tpy pyridine of C(12)⋯H(3)i–C(3)i = 3.002; C(11)⋯
H(2)ii–C(2)i 3.030 Å (i = 2 − x, 1/4 + y, 1/4 + z). Close contacts with diethyl ether
solvent molecules, and non-classical hydrogen bonds from between a PF6 anion
and the protons of the tpy ring, e.g. [H(1) to F(1)i (i = 1.5 − x, −1/4 + y, −3/4 +
z) = 2.437; H(1) to F(3)ii (ii = 1/2 + x, 1/4 − y, 3/4 − z) = 2.599; H(2) to F(2)iii
(iii = 1/2 + x, 1/4 − y, 3/4 − z) = 2.447 Å] and the pendant pyridine [H(17) to
F(1)iv (iv = 1/4 + x, 1/2 − y, −1/4 + z) = 2.563 Å]. Scheme 3 Synthesis of N-alkyl derivatives of [Ru(1)2](PF6)2.
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and dichloromethane despite their high charge, as might be
expected given the dodecyl chains. Preliminary studies of
binding of pillar[n]arene macrocycles34 by these complexes
revealed only very weak association (see ESI† for details), elimi-
nating the possibility of these groups as viable recognition
elements.
Spectroscopic and electrochemical studies
The UV-visible absorption spectrum of each complex was
recorded in acetonitrile. All Fe(II) and Ru(II) complexes exhibi-
ted typical MLCT absorptions around 570 and 490 nm respect-
ively, unshifted from the corresponding parent
4′-phenylterpyridine complexes (Fig. 9 and Table S1†). The
series of π* ← π transitions are dominated by those of the tpy
unit and also correspond closely with those of the parent
phenyl-tpy complexes.35 As may be expected, the introduction
of pyridyl substituents generates additional π* ← π transitions
with marked increased absorption (by 40% at ∼254 nm) on
introduction of the additional conjugation of the alkyne
spacer. The alkylation of the Ru(II) complexes produced an
increase in the intensity of the MLCT transition but no change
in the energy, in addition to expected increases in the intensity
of the ligand-centred transitions.
Cyclic voltammetry (CV) measurements (Table 1, Fig. S43–S50
and Table S2†) show M2+/3+ redox potentials unshifted from the
parent 4′-phenyl-tpy (Phtpy) complexes. For example, +0.72 (vs.
Fc/Fc+) and +0.89 V for [Fe(1)2](PF6)2 and [Ru(1)2](PF6)2 com-
pared with +0.69 V and +0.90 for the respective Phtpy com-
plexes. At negative potentials both the Fe(II) and Ru(II)
complexes of ligand 2 were found to readily absorb onto the
glassy carbon electrode, with [Fe(2)2](PF6)2 reproducibly produ-
cing a sharp desorption peak at −1.45 V during the return
wave (see Fig. S44†). Careful investigation established this was
the result of an irreversible process at −1.63 V.
The Ru2+/3+ redox potential was similarly unaffected by
alkylation of the pendant pyridine groups despite the
additional charge introduced on the complex. However, the
introduction of an addition 4+ charge onto the complex pro-
vided ample capacity for multiple-electron reduction pro-
cesses. Several reversible, and several irreversible processes
occur, but the type of absorption onto the electrode observed
for the free pyridine units was not observed. Differential Pulse
Voltammetry (DPV) was used to confirm these processes
involved up to six electrons each (see ESI† for data).
Interactions with metal centres
The pendant pyridyl groups of complexes [Ru(1)2](PF6)2 and
[Ru(2)2](PF6)2 are well-suited for coordinating to metal centres
for the formation of coordination networks or discrete assem-
blies. In order to investigate the reactivity of these groups
towards metal centres we chose the common Zn(II) tetraphenyl-
porphyrin (Zntpp) as a model complex as it is known to bind to
single pyridine groups,38 is diamagnetic (allowing standard
NMR techniques) and is kinetically stable to demetallation. The
reaction of 4 equivalents of Zntpp with 1 equivalent of [Ru(1)2]-
(PF6)2 or [Ru(2)2](PF6)2 results in the spontaneous assembly of
the 5-component assembly shown in Fig. 10. ESI-MS confirmed
the composition of the assembly, with peaks corresponding to
1–4 molecules of Zntpp coordinated to the complex (Fig. 11).
Fig. 9 Absorption spectra (CH3CN) of complexes [Fe(1)2](PF6)2, [Fe(2)2](PF6)2,
[Ru(1)2](PF6)2, [Ru(2)2](PF6)2, [Ru(3a)2](PF6)6, [Ru(3b)2](PF6)6, [Ru(4a)2](PF6)6,
[Ru(4b)2](PF6)6.
Table 1 Redox potentials for [ML2](PF6)2 (M = Fe, Ru; L = 1, 2, 3, 4, 5, 6).
a Data for [Ru(tpy)2]
2+ and [Ru(Phtpy)2]
2+ are from ref. 36
M2+/3+ Ligand reductions
[Fe(tpy)2](PF6)2
32b +0.74 −1.64 −1.82
[Fe(Phtpy)2](PF6)2 +0.69 −1.62 −1.73 −2.34
[Fe(1)2](PF6)2 +0.72 −1.57 −1.68 −2.25
[Fe(2)2](PF6)2 +0.73 −1.51qr −1.54red/−1.45abs/reox −1.63red/−1.53reox −1.58qr
[Ru(tpy)2](PF6)2
36 +0.92 −1.67 −1.92
[Ru(Phtpy)2](PF6)2
36,37 +0.90 −1.66 1.92
[Ru(1)2](PF6)2 +0.89 −1.60 −1.84 −2.26
[Ru(2)2](PF6)2 +0.91 −1.55 −1.56abs −1.63reox −1.77qr
[Ru(3a)2](PF6)6 +0.89 −1.20abs −1.42 −1.54 −1.83
−1.66qr −2.28irr
[Ru(3b)2](PF6)6 +0.89 −1.40 −1.61qr −1.77
[Ru(4a)2](PF6)6
b +0.89 −1.26irr −1.67qr b −1.89irr −2.35irr
[Ru(4b)2](PF6)6 +0.90 −1.24irr −1.51irr −1.54qr −1.78qr
a All measurements in MeCN with 0.1 M [nBuN]PF6, with a glassy carbon working electrode, platinum counter electrode, Ag
+/AgCl reference and
potentials quoted are versus Fc+/Fc. All processes are reversibly, except where noted qr = quasi-reversible (reduction peak given), irr = irreversible.
Phtpy = 4′-phenyl-2,2′:6′,2″-terpyridine. b Several additional irreversible processes also between −1.5 to −1.9 V.
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The association constants between Zntpp and [Ru(1)2]
2+
and [Ru(2)2]
2+ were determined by NMR titrations (CDCl3–
CD3CN 2 : 1) by assuming each binding site is unique and that
the effective “pyridine” concentration of four times the Ru con-
centration.39 Fitting40 of the obtained data found pseudo
association constants of 660 ± 40 M−1 and 920 ± 70 M−1 for
and [Ru(1)2]
2+ and [Ru(2)2]
2+ and respectively, comparable with
typical Zntpp binding with pyridine in a competitive solvent
(acetonitrile).41 This confirms the potential of complexes
[Ru(1)2]
2+ and [Ru(2)2]
2+ for bridging multiple metal centres.
The use of extended systems of this type for templating the for-
mation of porphyrin nanorings has been explored by the
Anderson group,42 and a similar approach using complexes of
the type [Ru(1)2]
2+ and [Ru(2)2]
2+ may also be possible.
Conclusions
Using an easily prepared Ru(tpy)2
2+ complex, we have demon-
strated 4-fold Suzuki and Sonogashira coupling reactions can
be readily performed on the complex in good yields and with
straightforward purification. The multi-pyridine decorated
complexes formed were shown to be reactive towards alkylating
agents and metal ions and show promise for incorporation
into larger supramolecular assemblies and networks. The
absorption and redox properties were investigated and both
found to be largely unaffected from the parent 4′-phenyltpy
complexes.
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